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ABSTRACT 


Edgerton,  Germeshauseti  &  Grier,  Inc.  (EG4G)  was  commissioned  to  do  the  iollowlng 
tasks  as  part  of  the  timing  and  firing  functions  on  Tumbler-Snapper  (April  to  June  1952). 

1.  Generate  and  distribute  predetonation  timing  signals  for  all  shots — four  airdrops  and 
four  tower  shots. 

2.  Install  and  operate  switching  relays  connected  to  the  timing  circuits  at  the  various  ex¬ 
perimental  locations. 

3.  Install  and  operate  the  bomb-firing  and  monitoring  circuits  for  nonairdrops. 

4.  Determine  the  time  of  detonation  with  respect  to  world  time. 

5.  E>etermine,  for  airdrops,  the  time  of  fall. 

6.  Generate  and  deliver  to  the  Communications  Group  a  1000-cycle  tone  keyed  to  a  speci¬ 
fied  code. 

7.  Telemeter,  record,  and  indicate  meteorological  data. 

8.  Provide  photocell-actuated  Blue  Box  fiducial  markers  for  various  experimenters  to 

give  millisecond  accuracy  to  zero  time  signals.  . 

9.  Provide  timing  dry  runs  for  the  benefit  of  experimenters  twice  daily  and  more  often  if 
required. 

10.  Provide  personnel  to  serve  as  members  of  the  Firing  Team  as  directed  by  the  Test 
Director. 

Five  major  stations  were  operated  (one  Control  Point  and  four  switching  stations),  and 
upward  of  500  separate  signals  were  operated  at  about  200  separate  locations. 
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TIMING  AND  FIRING 


1  TIMING  SYSTEM 

The  timing  and  firing  syptem  (or  Tumbler-Snapper  operaled  in  the  same  general  manner 
as  on  Operation  Buster -Jangle.'  This  system  was  developed  and  proved  on  Sandstone,*  Rang¬ 
er,*  and  Greenhouse.^  The  Control  Station  was  simply  rewired  with  an  Increase  In  capacity; 
two  completely  new  timer  stations  were  built  and  eqi>lpped,  one  at  Frenchman  Flat  and  cne  In 
Yucca  Basin;  and  a  third  new  timer  station  replaced  the  old  split-room  Buster  station  210. 

2  Tli/iiNG  GROUP  OPERATIONS 

2.1  Installation  and  Dry  Runs 

The  tim'ng  group  Is  charged  with  providing  accurate  timing  signals  to  ail  experimenters 
associated  with  a  test  detonation.'  The  signals  are  supplied  in  the  form  of  relay  closures  at 
the  site  of  the  experiment.  The  relay  at  a  site  is  furnished,  installed,  and  wired  Into  the  timir.g 
system  by  personnel  of  the  timing  group.  The  experimenter  h'.s  lor  his  use  four  double-throv; 
circuits  on  the  timing  relay.  Also  available  is  a  Blue  Box,  for  installation  at  the  experiment 
site,  that  triggers  on  gross  light  from  the  detonation.  This  unit  delivers  a  voltage  pulse  Imme¬ 
diately  alter  zero,  followed  by  a  relay  closure  within  2  msec. 

For  test  purposes  In  the  field,  the  timing  group  schedules  a  dry  run  every  morning  with 
zero  time  at  10  o’clock  and  every  afternoon  with  zero  time  at  3  o’clock.  Ko  experiment  is  con¬ 
nected  Into  the  dry  run  without  a  specific  request  from  the  experimenter.  An  experimenter  can 
request  that  his  signals  be  Included  In  any  particular  runs  or  in  all  runs. 

2.2  Typical  Timing  Signals 

Tables  1  and  2  give  the  typical  timing  signals  for  air  and  tower  shots.  The  utility  and 
choice  of  these  signals  is  thoroughly  discussed  In  the  references. 

2.3  Meteorological  Measurements 

One  of  the  most  Important  pieces  of  IrJormatlon  neressary  to  the  measurement  of  yield  by 
fireball  photography  is  the  density  of  the  surrounding  atmosphere.  For  airdrops  an  estimate  of 
atmospheric  conditions  must  be  relied  upon,  but  for  tower  or  ground  shots,  where  the  point  of 
detonation  is  known  and  easily  accessible,  continuous  measurements  at  locatiot.s  up  to  zero 
time  are  advantageous. 

Another  pertinent  piece  of  information  for  radiological  reasons  Is  a  continuous  and  imme¬ 
diately  available  history  of  wind  velocity  and  direction.  ”uch  information  Is  of  Increasing  im¬ 
portance  to  the  Test  Director,  who  must  make  a  last-minute  decisio''  on  local  wind  conditions 
for  tne  purpose  of  evaluating  danger  to  troops  who  may  be  participating  in  the  operation  for 
training  purposes. 

For  these  reasons  EG&G  undertook.  Immediately  prior  to  Tumbler-Snapper,  to  make  the 


Manual  Signals 

-16  min 
-5  min 


Automatic  Signaia 


-30  sec 

±0.05 

-16  sec 

±0.03 

-6  sec 

±0.05 

-2.6  sec 

±0.05 

-1.6  sec 

±0.05 

-0.6  sec 

±0.05 

ZeroT 

±0.05 

♦3  sect 

±0.35 

*Th«  first  tvo  (maitual)  signals  t^r  an  airdrop 
occur  la  rslatlon  to  prsdlctsd  time  of  rolsass. 
The  sxperlmsnter  must  cossidtr  that  the  time 
of  rslsass  may  Its  dslaycd  sftsr  a  manual  olgTiAl 
has  bssn  ssr.t  out. 

TThla  signal  Is  for  dry  runs  ortly. 
jTuii  •IgTiai  Cwis  g»(  all  rslsys. 


TtblS  2  — T1MINO  SIGNALS  FOR  A  TOWER  SHOT 

Error  with  rsspsct 
Time  to  actual  aero,  see 

Manual  Signals 

-00  min  sO.6 

-SO  min  aO.S 


Automatic  Signals 


-16  min 

±0.1 

—  6  min 

±0.1 

-1  min 

±0.1 

-SO  sec 

±0.06 

-16  rec 

±0.05 

-6  sec 

±0.05 

—  1  sec 

±0.0C 

Zero* 

±0.05 

-•■1  sect 

±0.05 

•This  signal  is  for  dry  runs  only . 
fThla  signs'  cuts  off  all  rslnys. 


following  meteorolofclcal  measurements  on  the  tower  shots: 

1.  Wind  velocity  at  a  point  within  2  miles  of  zero  to  be  telemetered  and  recorded  at  the 
Control  Station  up  to  ana  through  zero  time,  il  possible. 

2.  Wind  direction  at  a  point  within  2  miles  of  zero  to  be  telemetered  and  recorded  at  the 
Control  Station  up  to  and  tr.rough  zero  time,  if  possible. 

S.  Dry-bulb  temperature  at  zero  point  to  be  telemetered  to  the  Control  Point  and  recorded 
up  to  zero  time. 

4.  Wet-bulb  temperature  ai  zero  point  to  be  telemetered  to  the  Control  Point  and  recorded 
up  to  zero  time. 

5.  Barometric  pressure  at  zero  point  to  be  telemetered  to  the  Control  Point  and  recorded 
up  to  zero  time. 

6.  Barometric  pressure,  temperature,  and  relative  humidity  to  be  recorded  at  several 
timing  stations  in  tlie  area  but  nut  telemetered. 

7.  Local  wind  velocity,  direction,  barometric  pressure,  temperature,  and  relative  humidi¬ 
ty  to  be  indicated  at  the  Control  Point  for  the  convenience  of  the  Test  Director  end  eiaff. 

This  project  waa  star-.ed  quite  late,  but,  with  the  co-operation  of  the  Air  Weather  Service 
and  the  Bristol  Compaiiy,  enough  eqiiiptnent  was  obtained  before  the  first  tower  shot  to  meet 
ail  commitments  except  liie  requirement  for  telemetered  barometric  pressure.  It  is  expected 
that  all  equipment  will  be  available  for  Operation  Upshot.  Results  are  shown  In  Table  5. 

3  TUMBLER -SNAPPER  EQUIPMENT 

The  Control  Station  equlpmv.ot  consisted  of  a  power  rack,  recorder  rack,  timer  rack,  test 
rack,  signal -distribution  racko  1  and  2,  world-time  rack,  and  a  relay  and  tone-signal  rack 
(Fig.  1). 

The  Frenchman  Flat  timer  station  370  had  a  power  racL,  relay  rack,  and  three  signal-dis¬ 
tribution  racks. 

Bach  of  the  three  timer  stations  in  Yucca  Basin  had  a  power  rack,  relay  rack,  and  three 
signal -distribution  racks 

Four  tower  stations  were  equipped  with  zero  racks. 

More  than  300  ON-11  relays  were  used  to  service  the  shot  at  Frenchman  Flat,  the  three 
•hots  In  Area  7,  and  tne  four  tower  shots,  for  a  total  of  about  500  slgnais. 

During  Operation  Buster -Jangle,  a  need  was  felt  for  battery-operated  Blue  Boxes  with 
millisecond  accuracy  to  Le  used  when  a-c  power  was  unavailable.  Thirty  of  these  boxes  wei  e 
built  for  Tumbler-Snapper,  similar  to  the  Type  A  Blue  Box  except  in  the  type  of  power  supply. 
These  operated  successfully  except  for  some  battery  failures  and  a  run  of  poorly  cons'ructed 
928  photocells.  One  hundred  boxes  of  a  revised  design  were  made  for  Operation  Ivy. 

4  RESULTS 

No  serious  difficulty  was  experienced  with  the  basic  timing  and  firing  system. 

The  times  of  detonation  with  respect  to  world  time  are  given  in  Table  3,  and  the  clock 
photographs  are  reproduced  in  Fig.  2. 

The  times  of  fall  for  Tumbler  airdrops  are  sum’oar^zed  in  Table  4. 

The  Snapper  meteorological  measurements  are  listed  in  Table  5. 
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Table  4  TIMES  OF  FALL  FOR  TUMBLER  AIRDROPS 


Shot 

Clock  1 

Time  of  fall,  sec 

Clock  2  Strike  aircraft 

1 

34.76 

34.78 

2 

34.5:' 

34.52 

34.53  34.5."^ 

3 

42.26 

42.28 

42.28  42.32 

4 

36.41 

36.41 

Table  5  — SNAPPER  METEOROLOGICAL  MEASUREMENTS 


Shot 

Air 

temperature, 

'  *C 

Barometric 

pressure,* 

mb 

Relative 

humidltv. 

% 

c, 

16.6 

655 

37 

6 

15.4 

858 

41 

7 

13.2 

865 

48.1 

8 

20.6 

856.5 

50.4 

•These  readings  extrapolated  to  the  tower  from  the  Air 
Weather  Service  Information  and  close-ln  EG&G  Instrumen¬ 
tation.  See  Sec.  2.3. 
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